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(54) NITRIDE SEMICONDUCTOR LIGHT EMITTING ELEMENT AND OPTICAL DEVICE USING 
THE SAME, AND LIGHT EMITTING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve light emission 
efficiency and light emission intensity in a light emitting 
element wherein a nitride semiconductor containing As, 
P or Sb is used in a light emitting layer. 
SOLUTION: This light emitting element is provided with 
a substrate 100, n-type nitride semiconductor layers 102 
to 105 and p-type nitride semiconductor layers 107 to 
1 10 that are formed on the substrate 100, and a light 
emitting layer 106 arranged between the n-type 
semiconductor layers 1 02 to 1 05 and p-type 
semiconductor layers 107 to 1 10. A well layer comprising 
the light emitting layer 106 is made of nitride 
semiconductor containing N and element X (X: As, P or 
Sb), and the nitride semiconductor of the well layer is 
represented by a formula, {NX/(NN+NX}X 100% (NX: the 
number of the element X; NN: the number of N). The 
atomic percentage of the nitride semiconductor is 30% or 
less and the thickness of the well layer is 0.4nm or more 
and 4.8nm or less. 
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mzmm, mmzmszttf-vzz,, ret 

*fcf, tiBPf- 10-270804 %'j!&Ht, a Etf7 7 



Mffi«t±ejfM2ft/c, n$g{MS¥*#S*5«J;ffp >f7SSfi±K/>K-^G a No.» As,, -GaNg 

smwswm^, tuia nmmitmmwwt mis P t?#pffii4S (#issn m , 3hrd **r*5¥n 

MfEftpBtt, '>ft< fcfc N&'itf^flX (C Cfv 7E -7°G a N». 9J A s.* -G a Nll?#pS'ttS («■ 

* X tt. As, P * J: S b J: D ft 5 Wfr IxS 1 HJf 5 n m , 5 Mffi) * #f § U— 7SH*B|jS 

ffiS«±©7ai6T*$-5) £#t?S{fctm§{*fr5ft>3, T*o 

lufS#PH©tfifBS{ fct^T, 3 {N« / [0 0 0 3] 

(N» + N») } xi 00 (%) (i^, Nx «Mt37tJfi 10 M«Li5 fctSS® GaNAstgS. Ga 

X©IMU N. ttffiiBNOa^Sr) TSSftSU N PfcfiSfcttG a N S b£S-C*filc;£ftS58)£!T? 

0. 4nmJJLh4. 8 nm«T"Z?a5*C tSWfttt HtJtKLT/J^ <t5C fc#T**i:#*.5n*. d 

[»*«2i *uta#piA\ s u o, s, c, g ^mn&ct Os-mmmmmmmit) * 

e, Zn, CdfeitfMgiOSSP^ltfnaia jjHft-fS. LfrU S<»«*frC>ft3fMfc, fc 

JSW±©7ciP5*, lxio"/cm ! ttilxio'V t m A s «JMtt, S«©tJ^©iS 

cm s WT0»Sre#tr££**HSi:-f^ llfllt ^H«tAs©fJ^S^HiSt^(^Lf#^ 

iBKoSfbto^Sttisft*?. T, coil!* r«g#«j fc»¥£) . sit© 

[»#E3] Sjia#Fitg-r5BSi*<i*» me 20 #j^©flfi/^«ttM^aist, a s <D»j^©s^<s«a 

|!f MJi©W*^ 3 n mJJLk 2 0 n mttTPftS £ iSJHKfciMitf itfi 1 M§S„ u © i 9 fti!SH&©gft 

W^lS^tt2tfE«©MW*ft^ (WT, rgft^Kj fc"f*) fOSStt 
©Sffcfr£?13W©fST£$£f#£o c©£?ftl£ll 

[«5R«4] MI2#FlOi^8WTT^§dt^ As«m<, PffcttSbi«fcW¥« 

«j:ts, it*si~3fo^-fn*»i*tiB«oaftft ftajeit^ssnsfi&tfesufi*. fct, <:© 

m^ttZ, S*Sl~4©v^n*MJHK|5(R©S [0 0 0 4] *%W©@W«, As, P»«fctfSb©'> 

MURE 6] M!ESSW^fl:W«ftSffiT-S§ 30 fiftlgiHc^T, *©1lfil£fi±Stfit5*ig*i«5 

«: ^«#M^~r^. wsrs i ~ 4 o^-f i miam mc u mmmzrcmm&tfmznrcmm 

[«jR«7] n^i-ecD^-rn^iMBKoa tta^o 

fWfc#^583e^*rr«cfc*w«fcta, [0005] 

mmmmttmzztmnttz, mm mmm^xs^mm^mm^ nwmm* 

So mm t P gmtmrnm t mmm nmpw 

[0 0 0 1 ] 40 ft< ttN43<ttfK;*X (CCT\ 7C*Xtt, As, P 

[^OMfSStBiM?] *«Wf±. Sffl¥»f*f!^ *«fct; S b J: OftSPA^StffiS l fflS£Ub07C3R? 

u mmmm^mm^wimKm-Ktbx} mmc^x, a {n</ (n.+n«) } x 1 0 0 

t^n^ffl^ft^SHfcitfKJtgBtllta. (%) N»tt^*X©t*«L, N.liNOt?: 

[0002] at) "PS?n« JS?fr^*tt 3 0 %ttTT*fc D » AO 

[«OM ^{t jff'J -7 A^{k^ft¥SW*£ 5 SotSI ^FB©S*tt 0. 4n mtUh 4 . 8 n mWT?fc5. 

©As, Pft^ttSbftSiDLTfiS*}^*^ C©.t9ft#P«fl!)fij«*J;tfg*tJ:tJ, HffiS«£ffi 

Sfc-TS. C©JM%fOfflLT, S5Jtl*«iat5aft [OOO6] *«Wt«t*t(6?Cfe^T, #Flii, s 

jffUf ASfk^ffctt^fDA s, PSbS^ttSbOS 50 i, 0, S, C, Ge, Zn, C dfc'cfctfMg JcDftS 
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1 fflBtt±07C*£, lxioVcm 
x 1 O' 9 /cm'LXTOJlg-p^tfcliiAWf b 

[0 0 0 7] isssm HSWfc, #fB£ 

mJK±2 0nmfilTTf*5CfcflWSU\ ^<DJ:5& 

jp*©»s»4, #p«*t«4Lfc«/haigs^ii io 

[0 0 0 8] *«HBh:«t l o£fctt«»<0# 
^t, fcfc*{f, ttPl©a»±8WT-pfe5 0 8OT© 

[0009] &mt. mt 

to*mtm&. s ft mmt § ± a ftiMfi**!* 

[ooio] #f»£3*?£S{i*w*s®£$ 
SMI: %*IM«gS*aS** f 2 teimi b ft fe ©£#tr 

fe©fe#&c ftlWt, !f«j»{*Sfitt, '>&<{; 30 
tAl,Ga,In.N (OSx^K O^y^K 0^z 
£l, x+y+z=l) T?«J«Snfc»Rl?fe5. 

sm^st©^ i o %«m ttmatimmffiz 

ft3$fflF*3T% As, P*±tfSb©7BIS8©5 , 54>ft 

st, MMW^Sfita, si, c k s, 

C, Ge, Zn, Cd, M gtt itfB e O^0S»O5 

ttfcffSU^ *«^©^Mtl«nta, 3x l o" 
/cm'KilxioVcm' &LTtffi& U\ 

[ooi i ] mmmc&^r, mimmmmm 
it. mmmmikmm&m&miKmzvc, 

W^-MW^t. A 1 » G a, I n« N (O^x^l, 0^y< 
I. O^zSl, x+y+z=l) Tfa^hSfeOT?* 
0, »ICGaNtfffSU\ fi«W*f*«fi, ft 
KSHKG aNMmnm 5:td:<):ot, #fS*£ 50 
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02tc^T£5£Sl{HGaNa«, i3J:tf03 (a) C 
StiSfcSfflG a NSKfffc*. M#OSWHG a Nl 

wt. Sftw^fsiisifc, *n^sr«fti6©s 

b£i^ft«J§|tT*'>ft< tfe«^n§ 0 &#®jg 
<«G a Ngfitt. lyfy^CJ: 9 SRt b < Hgftftl 
U »*M:ft¥*{ttSil 

[0012] *^Wti5l6?{±, ASWt, #plfr 

s&3fgm sfta, #FHt^ntgi-§^gi^ 
p,#js?n§f«7ts^^i-5 0 fttx.a\ mmm- 

5^ttBS*/ftF«/RtaH*^«fi!t^ns. fti* 
fct f8)^tf01fl?#F*ii6*t*5«^ flftB 

it. mmm/ttpm/mmg. . . /^pm/wm^ 
zm&zn. fes^a, ttF»/gMi/ftFH. . . 

[0013] tit. mm\M. mvmmmfc 

So 

[0 0 14] OTs »ffl»C*JV^ a Mx 
/ (N»+N») } x 1 00 (%) (S* v N«ttja(5X 

[00 15] 

ttTT*0*»O0. 4nmtt±4. SnmOTif*^* 
-r§ffFltcj:^T. P^iI«^g©fgM (ftfcAJfia 
6%M) Sfttif§^IS©^± (S^»2 0%1|) 
§Ct^t§ 0 JfF«©HIP*<0. 4nmcfcDt>ii< 

< ft D jifTIS^* *MST bT L S 5 ft J&Kff $ t < 
fti/\ Sft, ^FS©J1)S^4. 8nmJ;Dfcji<&3 

^tt«}BWKrtS"FbS&i6*fc»l«:ffSU<a^. #f 

m?m^mwMz t ft p. teas -e^x t j: ssg 
©■JWJtr tonTtsa«5Mto*«wfc*: t, tut 
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l*££8:ft«7G*X©, «fi©«lr«#fcfl&'*fl' 
[0 0 l 6] SfgXKiS, ft/^fttSS^It^^O 

«fi^*tt, Me^to^na t fc e s 
?ia#it©*§£, a&aefio«fi^Ka 

S»B^Mt J f>»«IStfii.^Itt±. 5g#3S-71#te*S{fc 10 

[0 0 17] ^JgfcfcW, 7nfRX*Str#pl©H 
Jffi, S6fcffSlXtt2nm«±4. 8nmttTOo 

?lftig?©f#tt*[6]±S^§§gfi©, TCHXfCfcSg 

[0 0 18] 1$ [c, JcS^KSl^O^JIfil^G 

GaNAsftFI/GaNWiH, GaNPftp 
S/GaNPfiil, GaNAs VPrFM/G a N^S 
1, InGaNAs#FH/GaN»Sl, InGaN 
P#Fl/GaNg|fJf, SfctilnGaNA s P#P 
S/G a NBfiMT&a. Cft5>©f^Jf©*f»C:k^ 

fcJtttLT, *»Wt«S#FlcOlj?^?«, 
XK.fcSlStfKWcl&K, ftpHfcBSlf:©!!© 30 

ffiii**l^ftbhJli''ftA-ettftii->*»i:#A6n 

[0 0 19] <*Mllcl3tt%#Fm<DnMX<Dmi* 
t-DV^T>*«Wt*V>T, As, Pfcitf S b£D& 
51»f n« 1 S»W±©7C«XCDM^*« 3 0 
%ttTe*!>, SfSL<«l 5%WTe&5„ tcHX© 
JS^Wi 5 £5 #f1i*j©SJ«£: 

tic^xon^WS&Sria^ft^^^^ < 
* D £ 5 Ktc^X ©gfF#*ff 3 0 % J: !? fc ft < 

<^Stt»S»liA^ea^ltte^Tb»«) 40 
§ 0 ^LT, #FB*©fg,B£#li*ig<:Lfc1g8©tfc 

»¥Sttf8ftjfe?©^tf*t<ffiTtS. fefc 
f8^tf£ll?#p«it*f!?-5*^ coi 
5 aSS^It ii#P« PUSS t © W©#SiIi«tt £ 

S£©if*) $Bfc»S©«'>*fcfc5*. 

[0 0 2 0] SilXflDfi^^flDTHttttO. 0 1 %W 
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Slxog?»o. o i %<fct> fe/hS < &3 iu # 
pHC7SRx*#tyct©aa (tc*x^#S^^#p 

196EU:K:*-5fc, #PHt^S 

[0021] <#shbk xm?(Dmmmz^T> 

*^t<fc3*?©#FltfG aNX^5&S^ % * 
©IMftSi, G aNX#pl*OifX©I?^f?: 

fcf, mm 3 8 0 n mS$©fMfi^# Sfcft, G a 
Nh A s.O«^ttx = 0. 0 0 5, GaN,-, P y ©i§ 
-a-tty=0. OK GaNw S b* ©*§£« z = 0. 0 
0 2 fc-TSC fctfT?£5 0 it^S©4 1 0 nnM©?8 
ftfig*f§5fcJ6. GaN,-, A s , ©ifnli x = 0 . 0 
2, GaN,-, P y ©*g£«y = 0. 0 3, GaN,, S 
b.O«^ttz = 0. 0 1 fctSdttf-pta. Sfc, 
Wfe©4 7 0 nmjfi:lg©?g:l£t#3fcJ6, GaN,, A 
s,©Ji£«x = 0. 0 3, GaN., P, ©«£&> = 
0. 0 6, GaN,-. S bz©i§£H:z = 0. 0 2 
CttfT'tSo 5 2 0 n mififtOSft* 

GaN,-, A s,©i§£tex = 0. 0 5, Ga 
Nn P y ©i§£tty = 0. 0 8, GaN,-, Sb.<0*£ 

az = o. o 3 t-rsot^-etSo sees fc, 

©6 5 0 nmiS«©jftS*^5fcft, GaN,-, As,© 
*&ttx = 0. 0 7, GaN,-, P y ©l^(iy = 0. 1 
2, GaN,. Sb,©«^(iz=0. '0 4fct5(:fc6« 
■Pt« 0 IfB^^Cfif^T-G aNXtt«» 

[0 0 2 2] $fc, *«WK:J:53R : FO#PH* < I n G 
aNXfr&&5«£ N ^©H^iSSJi, InGaNXff 
P«*©, TZmxtDM^fi^t I mDS^apSHfi-r 
SCtlCt^THS-rSCtft^tSo CCf, In© 
W^mtit, I nGaNXI^MN,. / (Nu +N 
6 ) (Nu (i I n<m&$tU Ngj 14 G a©a**1") 

[0 0 2 3] I n G a NXfe B B ©7t*XA^A 

sn^m^mmmtamx (As) ©n^*f: 

©HAWS 1 I n G a N X|g B B B ©^ 

*X!yPT*ftsa^©«316«Si:7eRX (P) ©S^ 

fc7C*X©®?^©jg^l? I n G a NX#plW« 

[0 0 2 4] 
[Si] 
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(5) 

InGaNX 
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±Sfcfc. InSaNXtf). 56»«Dir?#*C»>eSLWS. 5S*xiiA«-t?iS»S, 



* K23 

InGaNX 



[0 0 2 6] <#fg[!HfcJ:«IS7®#pm8sta*ftS 
^|»C^T>*fP1^3||?cD#Pl£, Si, 
0. S> C, Ge, Zn, C d ftilfM g J: ») ftSSfr 

BSfcrns^ft < 1 1 1 ffisw±<oJFffi«i*, ixio 
" / c m 3 ttLh i x i o 19 / c m 3 WTOit&tal-eSftrr 
setter, tt<D5mmm<i3;*)&. 

5Wifc*5*?©#pJifc:s i*Wnt«k, Si^ii 
3{ggfi3$K&o/Co fflc, lfW*f*S«lX^8 

X<y^tf>y hffigTl¥ffitfc«^ 4 X 1 0"/cm ! K 
±Kffi3t5) ±^©J»S«, TOEWjW 

pitaani^tifcc: 1 1 ±ot, ttps*o^ a H a tt*^ 

ftojfebn*^ 1 x 1 o " / c m 1 i 5 t/>&V^ *<D 
cD&taltfi x i o' 9 /cm 5 J:»3t^i:, 

[0 0 2 7] <*^BtJ:S^<0»aS(0*B»co^ 

atensif^ %<om wtwmmt 3 n mw± z o n m 

WTffffSUv £5C£?S;L<f±, K&gQJiStt, 
^3nmJ;HI<a?t £5WJ2 0 nm«k!>t>£ 

3ifios&ft*iRi±oa*wi5nk:<<aa. 



W(i#pS©JlJ¥£> 1 . 5 fgJ-X±?&S !l 

[0028] wcbbm** g a NTMjasn**^, m 

£DH¥[c?§}f£nf#6 0 BSJtffGaNT-fll 
ffpSCSlE&SSJMSrSgt G a 

Tt %> c i o Ts #p7^K^£nfc«R/hft*gS 

[0029] *mx. &znt&Ki3^T, mxztts 

ttPltGa N»llSfr5«j£*ftS£fiS?#P«ii 
*©GaNK£JB0JIJPH:, 3. 2nmJW±17 

[0 0 3 0] <*«^K:«s*?o#pastov^T> 

GaNo. 9 7 Po.os #pl (IP 4. 2n 
m) /G a NR£fi (8 nm) £^t?fl«l?#F«ig 

[oosi] afw^u-«?©Hfi®« 



mmmwM'p hm. #pmm&& 2 &± e « 

TO t t H«t«atffig*MK < Tiff S bfro fc. * 6 

sas«±(-j?Ks^nfc^ni»3^ £to#fji 

Ol!C£^T{g<frofco ft*, »ftlGaNSffi*ffl 

[0 0 3 2] ±ab/cGaNo.97 P.. 0 #F1 (Iff 
4. 2nm) /GaNBSl (8nm) *3tr£fiItF 
ffFHaSOftfeDE, /cflX (P) OH^iWtfO. 0 

tt, fcfc*.& GaNAs#F»/GaN»gJH*£ty 
f^S, GaNAsP#pfl/GaNHfgl£#iyfgft 
1, I nGaNAs#Pl/GaN»ll%ttf^ 
1, I nGaNP#Fl/GaNRBIf*£tr?8m 
I n G a N A s P#Fi/G a Nf¥g«*Strfg)l£*ft 

So 

[0 0 3 3] #fSflfcffi!/\ GaN..« P.* 

#Pl (3. 2nm) /GaN^gg (6nm) 

[0 0 3 4] a^W#f*fg^^V^-F*TO?g^ 
SB, SMcffifWC, #Fl©l»tf 2«±8«T 
Oi:t, *-M?#p»iSo*ni:ifcRbr3Slfrofc. 
RFC, #PHOHS^ 3 «± 5 WTO ^ * c^jtaa^ 

(fci:*fcfGaNg«) ±C5)c*$n/cgfW 

#{*^w*-FiiTO/j*\ nasfcMssti 

ft*5, «GaN»ffi£^/ci§£0, ^fpScDHSi: 

[0 0 3 5]±aL/cGaN« P„.« #FJf (3. 2 
nm) /GaNBSl (6nm) ©f&b&fc, TClSX 
(P) OMT^Wq. 0 6fiW<D&e>T*fcoTfc> * 

ftSHJTei&oTfc, ^fMOgfMSTSfSftlT 

$na*±iBi:[i«o«js^f#§ c fc^fii-easso ^o 

J^ftfMCti, fcfc*fcf, GaNAsSpl/Ga 
mWM*ttsmMs G a N A s P^fFS/ G a NP§ 
InGaNAsftpi/CaNil 
S%#t?^)£S, I nGaNP#pB/GaNB!Sl£ 
^trSBtlx I nGaNAsP^pa/GaN^iil* 



K«?£ov^TfeMai:Hato«iS*#5ii i: 
tfurfgT&So 

[0 0 3 6] <*^cJ;^aj»«f*^«T^ 

©#FlC?t3rfS, ^XEJ;S^ B B B ^W, #F 

*%BJ^©ft]Ji!cJ;f-Ui\ #Flfc#£4i5rcilX 

ofc. £0;:tfrP>, ^fgXC£SSS B B B &iMttSS B B a :K 
10 Rft3fifc^*ftW^#*5ft*. IMoT, s«£ 
jffiRTS ci J; o T*NK*3(SifHfpOilg^R6ffiS^« 
'>U fr<bT, #Flftfc#g£TS^ItX£J:Sfail, 

*t±tt^-e**itf ?MT#tt£ *na HffiT £ ft^ 

t\ mM&mm.tz fc-onxmm^m t <it 

[0 0 3 7] MM^Oj£t#SJICJ:St, 
i5S{b»«ftf§«TtfJffl^nsSfi^a^, ft 

20 01) -Pft-aft. G a NSSLhfcjafibfcaftlft^lWMi 
iHO^HSfiB, x-y^tf-y H&gfc*5ttSjffl££i££ 
i«t 5X1 o'/crnWTefc^fc. cnti, 
Og{ba¥«ft^)t*?08^bT$ffl£ftfc, -9-7 
i CSS (KSfiftOGD Ox-y^h°-y 
F^g (4X 1 o'/cm'fiO) .fc&MvSlrMttf* 
So C<:T\ x-y^e-y HSlSEtt, ttS : M= 1 : 3 
<DJLv?ym (gS2 5 0 o C) ^CX^^'yX/^ (SBKiR 
T) %1 O^MaU K7x;N£DSffiCffM^n/£t°-y 
h^Jt%IJSTS ££\C£.*)%%>L. t ^Tf * So d OX 

30 -y^t D -y F?gfi(ixt:°7x/^iB©t°'y hSg»JSb 

t ^ s «>, m\c \&mm<D%%xm&zm t t 

l^SbH-PttttV^. LfrLftil«6» x-y^h°^y FffiS/b^ 

^!tnK , ^ii*©,is B B H ^r H sg t n^tK < &s 

l/^Hd^O^ItJttJffSo 

[0 0 3 8] ^CffS L^Sffiti, mm a NSfi (1 

mmmmmm-m) tsso ifHGaNsso 

Kl^SfFtt, WTTl¥ffl(C^S 0 HffiGaN»§± 
Cfi)cfiU7cSMW«f*BiOX7^b 0 -y F^S«, «fe 
40 '>ftt^X >y ^ tf >y F ffiaoMiUcf? 7 X 1 0 ' / c m' WT 
Tfeofco cntt, GaNSS±Cm*b/cSf»* 
ftdO^n^tfi^fS-efeo/fco fe^U UGaNl 

T^Sfc*. G a NSSCht^Tfg«TO^SS <0 O 
jSCfcW^SM^Jt$o/£o L^b^^5., ISiKGa 
N«m GaNfflSilJt^bT, gffi^EBlOfeO 

[0039] <*mfc£%mmmwi'-*f<DmM 
50 mm 
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to 01 fcipTJftytt, Cffi (0 0 0 1) n^GaNfi 
fil 0 0, fiiGaN/W7rll OK nSGaNl 
1 0 2, nSUl no.07 Ga l91 N^7yfB6±JflO 
3, nSAlu Gao.9 N^7»;FII0 4, nlGa 
N^AV FB 1 0 5, ffltM 10 6, plAlu Ga 
o. 8 N*+y77ny*Jil 0 7, pfflGaNifcfr-fK 
HI 0 8, pMAlo, Gaos N^yFH0 9, p 
iGaNn^nil 1 0, n«Sl 1 1, pSSl 

I 2, S i 0>i§£tti&l 1 3£#fr„ ±fEn3Mft 

mmtmpmmitm'mam^mznm 

%M \ 0 6«, l^f SS4nmOGaN 
o. 9 7 Pn.03 #pjf fcJS£ 1 0 nmOG a Ngffllff 3Jif 

[0 0 4 0] HI t^«?aWT07°n-bxtJ:oT 
Hjg*nfc 0 MOCVD (tl^«»Mr£) 
git, nfflG a NSSl 0 Off-fey h*tu 5M^ 
ONHs (7>^x7) i: 3 SJgftOT M G a (HJ* 
^;b#U720 SfcfctTEGa (F- yx*;l/#y 720 
ffffl^5tU 5 5 0°C<D5)c5S)S-efgfiG a N/W7r 

II 0 1 ff 1 0 OnmSllJM. 3fc|C, 1 0 5 0°C© 
JjEfiSiSET±E«WC S i H< (isyy) fffflxtetu 

ngJGaNll 0 2 (S i 1 x 1 o'Vcm 

! ) #3jimJft£Silfc. It^T, $ilSfj£ff7 0 0°C 
~8 0 0°CSSk:W£>ft, 3S?BB<DlO , efcaTM 

I n (FU^;b^77A) nlln 
..07 Gao.93 N*7«y*B&ihll 0 3^4 0nm«K 

tifc. Btf, ssiaeiM 0 5 0"ct±tfe>n, tma 

1 (hU^f-^7;b5^7A) SfettTEAl (F'Jx 
^;l/7;l^x720 03flfflW* t ffllf'»6tiT, 1 . 2 p 
mlOnlAh., Ga.., N*7yKJil0 4 (Si^ 
MttBftl xio'Vcm') ffj£S£n, ftt^Tnl 
G a N3W F/f i 0 5 (Si *M»»fi lxio'V 
cm 3 ) ^0. 1 /tntfSgSftfca S«fiff 
8 0 0°CtW?.n, PJSftfcbTPH3SfcHTBP 
(t-7fvl/*X7Y» ffg^n, 3Jifflo, JP2 
4nmOGaNo.o7 P0.03 #p/f tJS£ 1 0 nmC>G a 
NSSSlA^««*tiS«3fcH (0**?#p«ig) 1 

0 6*% wmm/npm/mm/npm/nm/n 

piow^t siH, (si 1 x 1 0 18 / 
cm 3 ) mmntco nmmt#pfB* $fc«#FS 
tBaitoHk:, 1 »«± 1 8 oiwartojjMWW* 

ffoTtfiK iicociitcfci?, &B^¥S14fflR]± 

U ^¥ft«Iff»'>t5. 

[0 0 4 1] ftplKAs^iBJn-rSii^ttAsH.S 
fcBTBAs (t-^;I/7/l/S/y) £, #PltSb 
fciSfilltSlgS-ttTMSb (b'J^^l/7>^-€» $ 

fctiTESb iWz-^iwy^y) 
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T, NHifiM1-CNiH4 (tF7^7) &§(,H*iW 

F^^ffjf ^e>tiT«>8ifc&K 

[0 0 4 2] SSSStfgtf 1 0 5 0°C%-vm 
$nT, f*2 0nm©plAlo. ! Ga... N+^U7 
707^110 7, 0. 1 /im©pSGaN^VKl 
10 8, 0. 5 fimOpSA 1 ... Ga.., N$yy FB 
109t0. 1 ^mOpiG aNn^nil 1 Off 
JjSofi^ftfc, pM^»i:LTMg (EtCP 2 Mg : 
if XX5^^n^y^>"x-;l,v^>7A) ff 5 x 
10 10'Vcm 3 ~2xl0Vcm 3 t«M o pM 

GaN3>^^h/ii 1 o<o pmmm&tt. ?mm 

1 1 2©JMft8tfrffoT, pI«ii|g^f<L 
ttmt U \, cocf:k:J:»)p tlMt . J: 
**Fgffiffffi«-r5 0 Sfc, pS!^Mi«n?a&5Mgo 

[0 0 4 3] COWtLTx plGaNa^Hi 
1 Ofc^m M0CVDgH®y7**-rtff£gifi 
*+y7ff*fcNH.<D£HMl;:g*5tt, 6 0°C/# 
20 TSHfitfTtf&nfc. *«Kff8 0 0°CfclL£llf£ 

fifttt 6 5 0 tff £ 9 0 0 W^WS L < , ftftftlH! 
«, 3$m±l O^-ttTffffktLffofcc Sfc, BTfi 
fiOSJiaStt, 3 0 0 C/#tLbff&?3:U\ CO=t5 

fc (MgffrSttfbUT^rc) o pSffi^tcts 

30 ny^FfiffifcftSl/a^fc. in^T, ^*<DpSfk 
T--lVm^^t\^ M g OJSffij Wff £ D |6l± 
LTff^Lffofco 

[0044] m^x, mm&m-vmznrzxz 

7x/%^MOCVDglffe»K»5tHU 
SfcftOT'n-fe^XSffWT© ± 5 izft&ftTco 
[0 0 4 5] nlSl 1 1 a, nlGaNltl 0 0<D 
«®ljffP,Hf/A 1 ©Jt*TlM£tl£ 0 Mnll 
ttfifDffit, Ti/Al, T i/MoSfciiHf/Au 
3WfflV^ftTfc*fe&l,\, niitHf»«tn 

[0 0 4 6] p«ffigp»tt % g{bfi!iNW«SSO< 1 - 
1 0 0>73lBlt^TXh5'l'7°^CX-y^>^tl, 

hi © y v s'x h v-f T^SPff isusns. c o y y ^x 

h 5 7°g|3{i, X F =7 J 2 > mfc a 5- J: 3 tfffll 

^©fg, s i o 2 ^«#n 1 3ff^^n, 

pSGaNnWhil 1 0ffR(±i?tlT, Pd/M 
o/Au©l©)fT?l^^Tpl||il 1 2ffJfM^tl 
fc. COpttWffiOffifc, Pd/Pt/Au, Pd/ 
AuSfcttN l/Auffffl^SnTtfflbftK 
50 [004 7] SfttC, G a NSfficD^tPfflffi^liJffl t 
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T N «§ft5 o 0^077^ • *n-ma&iffi 

mznrco ^tfisfitt-ftt 3 o o i o o o p 

Mffi ( {1-10 0} ED tf«c&Si;?WfM£ft 

/to c©p-^t«©»s»;w^ -»£&i5n 

Tt^SDFB (Distributed Feedback) , DBR (Dist 
ributed Bragg Reflector) tfffl^SftT&lBfcft^. 

7-*Sffi£ 7 0 %OR|***^-rS S i O2 1 T i 

mstnto zowmmtmHK, sio 2 /Ai 2 o 

[0 0 4 8] CiDi^cLT, £fc«j¥SWt:l/--»fl§? 

[0 0 4 9]fifiGaN/W7rI10 1^ A 1 „ G 

fc#b*K ffiJBtaGaNgfiO^DB 
*7 * P L < fcl/Mt&x fgfiA .1 . G a ,-, N 
/W7rl (0<x<l) mXLfcM\ m^7t 
ns?-tfSlf;£ftTjff£U\, CcT\ ffifi>Vy77l 
tt, 154 5 0°C~6 0 0°C<r)f8.m&&-?Bf&Zftrc/^y 

7 yii^to cue nmmmmm l /£/ w 7 

[0 0 5 0] I n no, Gao., 3 N*5-y ^BfrlkJI 1 0 3 
OfWlDIC, I nfijOttfO. 0 7£tfte>fc<D£ffiffiL 
Tfe«feftV\ -2k I n G a N*7y*B6lkSittff 

Sfii:0*?3fq^*9c* < InGaN7 

[0051] ±^L/c^ia, p«t&£ vmm 

Tf»b««« (07 (a) ) -V3bordi\ #PJfT!£i; 
»?#FlT?»fcS*lj£ (H7 (b) ) fJioTfeM 

2 w± 6 «to * r««r^a*HS < riff s u\, 

[0 0 5 2] #Flt^»^an-r^iii:(c=};^T. 

t^T, #plfcBSloPiSk:s i«ixio'7cm 
toLTfeS^U SBtUc^»»OLft<Tt>« 

T#FE0JSg1fcW±£tt5 J: <? «k ^»«0£ 

i5#pi^To^i« (fij#a*) as 

#FHfc8^-^tW»©&filI*i 1 x 1 0" 



(8) t#M2 0 0 2-3 1 4 2 0 5 
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-5X1 o' 8 /cm'tfifff U\ 
[0 0 5 3] ±S!itft^?tte^T, pSAlo. 2 Ga 

IttfO. 2tttt©fe©£teBLTfe*b&^U 
77ny Tfefcfc&lA, LfrLfttfB* 

<J 77 n 7 ^l*Kltfc^BBffi«Si£ffiJSH:fi< 

^tiSKH-pA lfflJStfc£ffi<*S^ +t'J77n7 
7 JIfc©* * 'J 7£ftfitf*£ < 4 1) HMfflntfffi < 4 
oTffSU\, 

[0 0 5 4] pS77>y FBtnS^-yFIilLT, 
Ale, Ga... NfiftOftfcDfc, A 1 fflfilcJttf 0 . 1 
£W©A 1 G a N 3%*SS*ffiffl LT& it/\ A 1 ©7g 

rnt&m > t mm t ©x^-*+ >y Tuts ± ma 
iff*s^7c^<4 0, ^^U7^^^it5a*a 

20 n-Sc *+y7fcj;tfft©ei!i;&fc*^;£ft5 

ISHT A 1 ffl£J±#ffi <nt * 7 >y FST©*+ y 
7&Slgtf *t < & D , *?0»fWE*tt < t § C 
tfT*i*5„ 

[0 055] A 1 Ga N^77 FSJStt, 0. 7 /im~ 
1. 5fimSW*U\ coefcti^ £*#e-l« 

[0 0 5 6] ^7-y KlttA 1 G a N37ug 9 B B t[5I& . 
A 1 I n G a N, A 1 GaNP, SfcttA 1 GaN 
30 A S ^t0 4 7crII 3 B TfeoTtfiV\ -gt>Ks pM#7V 
FSii, *^K*ffiS1-5fcJ6£» p^A IGaNM 

tpmc annfrttzm?m& tkizpmh 1 g 

aNltp^I nGaNJi*^S5S«7«®-e*oT 
[0 0 5 7] J^Lftf?K6V>T, GaNSftOC® 

{0 0 0 1} o«t>»)t, KSS©±ffii:4§ffi^ffit 

LT, Affi {1 1-2 0} , RI {1-102} % MI 
{1-10 0} Sfctt {1-101} ffifcJBVTfefi 

o\ ffc, «±©is^ffi^6 2gwrto*7ftfi**-r 
40 zwfo-ehtummty * o s?-^fi» t&s„ 

[0 0 5 8] ifeiJSbfc^tfcl/^Ts GaNSSl-X 

ft WlfO»&, SitSS^- K©Wft©/c:i6t fit ^ 7 

LTV^7fAWSb<, A 1 G aN£«£ffi^5©tf$ff 
5iTfeSo 

[0 0 5 9] ±JiELfc7 0 P-tXt<:fcl>T, MOCVDg 

ffi (MBE) , '^FWHK (HVPE) % 
50 ffifflUT&J^o 



(9) 
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[0 0 6 0] nSfil 1 lay&mcl&ltD* nlGaN 

w&ioowtffiuipznm&tffibtiitifi, 

^vi-vmmvTs xlf->XM©Sfl|*>BnS!G a 
NSl 02£gfflLT, n*ffifl^jS£tlTfe»bft^ 
(04#B3) o 

[0061] mmmz 

0 1 fcSf *?Kfet^T, G a NSfi 1 0 0 £0 2 
1-J»fflGaNSfi2 0 0*fcttH3 (b) CiStSHHG 
aNii2 0 0 afci^li, 0 4 t^1"«t 5 tfrffiH 
5 n L, ^nW^(i^M!l l £ IBimtc L 10 

[0 0 6 2] H2fc^*lttfilGaNgfi2 0 0fct 98 
S2 0 1, ft&lflc, ^©±lcffM£ftfdg^7 7 7 

12 0 2, nSGaN!20 3, f£gfflffllll2 0 4*J.k 
tfni?GaNJS«2 0 5ft'S»£SftT^5. tt»£2 
Ollt nSGaNJPE2 0 5*jaig1-Sfcl&©$#fc 
LT^ffl^n^o /&S«JH2 0 4ti, g^¥#f«£ 
B B H l^T»c»agSicfit^©^KihT^BiT^^o file 
SJOTJl 2 0 4 ^t-LTfiftjaftftfr o C £ 1 J; D , # 
S®BJI*ti['\Oj*fi4»iWtffb«S c fctf-pt 20 
5» '>4<i:tiii, JfflSflSJK&JtfGaN 

K**r lti^s fc©-e**uf , 0 2 t^tHrtw^ii 

[0 0 6 3] SI3 (b) fc^t»ttGaNSSt2 00 a 

fix ast2o i, ftfetft, j e-©±K»i«snfcfiia 

/W77S2 0 2, 3!l©n§!|GaNll2 0 3a, fcA 
tf»2©nfflGaNK2 0 3 bfr&llrt*ftT^*. 0 
3 (a) 14, mt(GaNa&2 0 0 a«fWr«^« 
©, l*©Ig£SU 03 (b) fcHSifilGaNSl£2 
00a©5SfiMSLTG^„ «KaNSfi2 0 0 a 30 
tt, 03 (a) KaVTiSfc:, ST", SSS2 0 1± 

»W7 7g2 0 2*5,fctfSri ©nSG aNK2 
0 3 a«W:i Ky^xy^^Sftl^i-y 
hx»^>^£[L^TGaNi2 0 3 a©gffi*»K 
timXtSo *©& BtfSSfigggBlc«3IL, ^2 
©nMGaN§i2 0 3 b£»iLT, »:!GaNfifi2 
0 0a*^f5 (03 (b) ) „ 03 (a) Tfi, S 
lOnSG a NH2 0 3 a©3frP3:T?Lfr»£jft«LT 
l/V&t^ fgg/^y77H2 0 2&3l/->fcJ:«Sffi2 0 1 
££5 LTt>#b&V\, 40 

[0 0 6 4] C©*3K:LTf!**ftfc«ttGaNfflg 
2 0 0 Sfc&jgftlG a NS1&2 0 0 a±t, SfttW* 
fl3ES* ISST S t x BSftSHMWWSSOx 7 ^ H 7 
(7X1 o'/cm'ttT) t±s SfflSSLhfCfigg 
Lfdi£©x>y^ 7 bffig (4 X 1 oVcm 2 «±) 
fctt^Tffifroft. fc£U «HG a NJSftfctt, x-y 
f-tf 7 hSrfi©{g^» (fe a B »£fi©fgv^fcic 

5) fc*$T?a^»»#SSE?-J6. BS2KSt«H 

g a Nsstfe^r, mmmmcD$m±2 o e 
tdc sw©iiA^/s?nT^a^Bi5»©e©tp*iiJ: 2 50 
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0 7m xyf-Kyh*fttffl*tWfcK<, ^tmft 
©gflftTiixy^lfy hgg»\, 03 (b) tc^f 
«C a NfflSTtt, l©f§©^*±2 0 8 
fi££ftT^ftl» (£) ©*0ffr**±2O9T?H\ ' 

Xy?liyHj6lfl5l> 0 H2©2 06£20 

7©Pi©$*. 03 (b) tfcl/^Ttt, 2 0 8^209 
©H©*&ttjfitfx 7 ^ t° 7 h ffigtf J: 9 ffi < , 2 0 

6, 207, 2 0 8 &<ktf 2 0 9 ©gfrfrTtijgfcx -y ^ 

t°7^M^ (es^ss«a*^^) . f ot, 1 
ftiG a Nmfa^cm<tmmmm?mm%m 

±!2©x>y^-y hfBit©fil/^«£^fiR-r5i:<J: 

[006 5] aa«2o KommtLx. cmyr 

-f7, Mffi^77^7, Affi^77^7, RS+J"77^ 

7, G a A s , ZnO, MgO, Xt?*;k Ge, S 
1, GaN, 6H-S1C, 4H-S1C, 3 C — S i 
cmmfZftZo Sfc fi!tfiWM2 0 4©*WJi: 
LT, S i 0*1, S i N.J& T i 0 2 M, A l.O.R 

^F©n*m t fcti^ >7"xr vmto&mmif 

[0 0 6 6] ffl^t-9-7 7^7^©*««»H»S { ffi 
tfEfiESft*= ffi««£LTS i CSfi^S iS 

1 © i 9 fcSfi©JIMiJfr £ n !!S£HM LT fetttofe 
i/\ fetch, C©tf^, fil;^7rl2 0 2Otbt) 

/ 7 7Sti, 7 0 0 'Ctt±©#*SfiT?fl*rS"*V 
771^-To ffc, ffifi/^777ia, '>ft<fcfeA 

l*#*LTV^ttn{^5^\ ft-ffft6ff, 
777S^tC'>*<tfeA l ^tLTV^ltntf, S 

i csfi±$rctts i s«±c«sstt©a^S{b«j^ii 

V^S^y7 7«©fl!«tt I n A 1 NT*§o 
[0 0 6 7] aSS (TnTJbI^©^) ©±ffit*Sffi 
CS {0001} , AS {11—20} , R® 
{1-10 2} , Mffi {1-10 0} kL<tt {1-1 

01} mtm*L\i\ ±faffi^ffifr&2ffiwrt© 

* 7 ft S^WT § SST Stiff Itfflt 7 * n it- a aff 
TfeS 0 

[0068] ±mmm aummm^x, ma^t 
&?&mm*m#mm : ? (¥«f*u-v«?) ^ 

fiSt^n^o H4tSt*m »fi3 0 0, fgrgGaN 
A-y77»10K nSGaNH02, nlln,.,, 
Ga» N7777E&jJbll 0 3, nSAlu Ga... 
N^7F«10 4, niG a Nj£j34 KB 1 0 5, f§ 
3tgl0 6, plAU. 2 Ga... N*+U77P7?! 
10 7, pSGaN^-l'Fll 0 8, plAlo.. G 
a,, N777FB10 9, pIGaN^^^Ml 
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1 o, n«ai i i, pmmi 1 2, s i o,mntkm 
1 1 3*$ts 0 ll?, ss3oot« % tammm 

aNgffijbM&BSnS,, *8Lkfc<:0* ; P©#H*i<fctf 

«ffi^ffMf§^attH»ji tra«?*s. 
[0069] H4 c^-ra^^^b-y^^Sji 

tfel^T, I) v V7, V yJ7°fflftlZ, '>ft < t 2 © 

2 0 6t2 0 7, Sfc(403 (b) ©2 0 8 i:2 0 9£ 

[0 0 7 0] fgfiG aN^>v77ll 0 1 «, A 1 * G 
a.-, N (O^x^l) Tg?n5ffiji^«y7r»-7$ 10 

fe»t5ft^ 0 upL&a^ mug ammm^y 

v7rl (O^x^l) *BWfc?W, aiB*7*-tt5> 
[0 0 7 1 ] mmSOOtLX, ±ifiLfc«tlGaN» 

fi*^Bfjiffli?asi£2 o i ^fjt^oTifc.nst© 

*ffiJ8LTfc«fcai/\ 2?>lc, ®£3 0 0 tbT, ± 
ILfclfWG a NSRfr&ffifi/ty 77l 2 0 1 WT© 
H*^T5ffS«-eS)Jff^oT#Sn5t.©*^ffiLTt> 20 
HtoftK £5>fc3;fc, »S3 0 0 i:bT, ±i£bfdl 
1&.G a N«»5$ffl«§i2 0 4WTO**±TW* 

«g a n mm^mmm o 1 ^fj^o/cJg^ a 

S«£*J£Bofcf(!lEn*«l 1 l«lcbTt,«fcft 

v\ sfe. mmm o i ttiftwif«)tifwi 

[0 0 7 2] HMJ3 

^Lrmmmwu-m^mm^nrcutt, 30 
a 4 © x 5 ttmfrZnwmfim-znrcttw 

sisnrc. ^© j: 5 k Lzm?>ntcmiWim»]s~*f 

«m H4fc**J:5ft«lfcSU M&3 0 0, fg 
SG aN/<777fl 0 1 (§H£2 5nm), nlGa 
Nil 0 2, nf!l no.»7 Gam N^yym±Ml 
0 3, nlAlo, Ga.., N^7yK1104, nlG 
a N3W F! 1 0 5, 38*1 1 0 6, plA 1 u G 
a... N + -¥U77n>y^«l 0 7, pSG a N»l' 
F«108, pSAl.., Ga,,N^7'yh*I10 9, 40 
pSGaNH^nil 10, nlilll, pgff 
112, Si 0 2 p«f«l 1 3*^ty 0 ClT\ 

3 0 0(iCffi (0 0 0 1) •9-7 7^7a«T ; fe§ 0 C© 
5f5?<D&lfcJ:tfit*;l\ Hffi«yi t|5]«©,S H B B fS«73 
&:fc < fctf7'n*;*ig£^Tft§l£tt3n 

[0 0 7 3] ftfc, H«3 0 0i:bT, ^77-Y7«S 
©ftfrtHC, 6H-S1C, 4H-S1C, 3 C — S i 
C, S i (Mg A 1 2 0<) Stfffl^&ti 

tyflfeft^o fc«U S i CSS^S i 
SfiT&Sfctf), 0 1 ©J; 5 fc»£©»ffi»^ n«§ 50 



ft ffl 2 0 0 2 - 3 1 4 2 0 5 
18 

3W&S<**TCfc«fc&l/\, Sfc, S i Cg«ft>S i££ 

>v7 7l(i, ±^fc|lllt©Sg/ < i-y7 7lT-$S () 
[0 0 7 4] ffc, SS©±ffit^5ffi7?ffii:bT, C 

1 {000 1} ©f-tfoDtC AcS {1 1 -2 01 , RS 
{1-10 2} , Mffi {1-100} tint {1-10 

1} mvh^rm^^o sfc, ±isffl7»^2fi 

[0 0 7 5] H»(|4 

*^Mfc£^T, 0 5 tStgftWW*- HUE 
Wfitt?ti5. 85KmWt#4*-Ym?&. c 
ffi (0 0 0 1) W«nlGaNlS6 0 0, ffigG 
aN/<y77l6 0 1 (ISlOOnm), nlGaN 
«6 0 2 (££ 3 /im, S i ^MWffil X 1 o' 8 /c 
m 3 ) , mt.S6Q3 (5JSW©G aNo.=7 Asd.os # 
PS (3. 1 nm) /GaNPfMl (6nm) ) , pS 
Alo, Ga» N*+U77ny*Jg6 0 4 ODS2 0 
nm, Mg^$i{Wia6 x 1 0 19 /cm 3 ) , plGa 

0 5 (HJP0. 1/im, Mg^«g 
11X10 8 /cm') , igT'cteM 6 0 6, p«&6 
0 7, ntt6 0 8tttf„ 

[0 0 7 6] n^G a N&K6 0 0©« 

ffi»6>H f /A 1 ©Iljr?n®l6 0 8Wg**tl 
fc„ c©n*i#l4©flb£, Ti/Al, Ti/Mof 
ftttHf/Au«ffI^6tiTtJ:^ nffiHt 
Hftfl^StiitnMoayii* KffifttfTtfSfc 

ftff£U\, nlG a Nffl£6 0 0©«ffi»?>n«g 
*»jat5«t)Dt, 04©ct7t, F7^X7f>^ 
ffi«ffllr>T, xlf7x/N©p«ffii|^6nSG a N16 

0 2^RtH^, z<D±.icnmzmirmb% 
h\ pmmmvit, mmmme o&t bxm& i n 

m©Pd^, P «ffi6 0 7 tbTAu^ltbfco C© 
)i5ttt*ffi#^©ffit, feWlfNi, Pd/Mo, P 
d/Pt, Pd/Au, S ftttN i/AutffflV5ftT 

[0 0 7 7] S/c, afWWftSS (G aNS«6 0 
0) ©g^Ot, Hfit0!l2"Z?IKK*nfcJ»HGaNS«t 

m&m±<D*titmmmx-3b%<, tit, msm± 

£, HWifrt 7 7 7H^^bTSjW#f*^ 
FlffflS n# § d i: tiH 3 f if ft K 
[0 0 7 8] H»J5 

-fey h F*?t:ara*nfcc: i:W^tt±a©^ 
H$J£|B]bTS5o 
[0 0 7 9] H»J6 

mmfov-m mmmmw (tct^m^y 
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ftPltCfi, As, PSfcttSb©5^a<fctl« 
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